Introduction
One of the important directions in condensed matter physics is physical properties investigation of disordered systems, in particular one of conducting polymers, their copolymers and melts with other polymers as well as their nanocomposites with inorganic nanoparticles. Polypyrrole (PPy) is well studied representative of conducting polymers. It attracts attention due to relative simplicity of its synthesis, low cost of monomers, high conductivity, and good biocompatibility. However, it possesses also some disadvantages such as insolubility, inflexibility, poor mechanical strength. Several attempts to improve PPy properties are known. This problem may be solved by creating of polymer melts of conducting polymers and polymers that have potentially more promising properties [1, 2] or by synthesizing their copolymers [3] [4] [5] [6] [7] . Nowadays the search for the synthetic routes to such systems as nanocomposites with metallic nanoparticles dispersed in copolymer matrix [8] and study of their optical properties represent urgent challenge. The optical absorption investigation of silver nanocomposites based on arabinogalactan-g-oligopyrrole block-copolymer matrix and, in particular, the time dependence research of their absorption spectra are associated with prospects for the synthesis of metallopolymer nanocomposites with stable optical properties.
Experimental
In this paper we have investigated optical absorption of powders of silver nanocomposite with arabinogalactan-g-oligopyrrole block-copolymer matrix, pure arabinogalactan (AG), and pure PPy that was synthesized by oxidative polymerization of pyrrole with trivalent Fe cations in the presence of water.
Silver nanocomposite were synthesized in two stages as follows: (1) AG macromolecules were functionalized with tetrahydroindole "anchor" groups; (2) such group has one pyrrole fragment in its structure that enables to join PPy branch on the group by oxidative polymerization of addable pyrrole with silver cations. As a result, we have obtained a new nanocomposite that represents nanoparticles of zero-valent silver in arabinogalactan-g-oligopyrrole block-copolymer matrix. The percentage of silver in the nanocomposite is 8.9 %.
The optical absorption spectra of the samples were measured on Perkin Elmer LAMBDA 950 UV-Vis spectrophotometer (USA) using the 150 mm integrating sphere. Nanoparticle shape, average size and size distribution were obtained from images analysis. The measurements were done on Carl Zeiss LEO 906E transmission electron microscope (Germany) at accelerating voltage of 80 kV using MegaView II camera. The crystal phase and average size of nanoparticles in the nanocomposite were investigated using Bruker D8 ADVANCE X-ray powder diffractometer (Germany).
Results and discussion
TEM images ( Fig. 1 ) of synthesized silver nanocomposite with arabinogalactan-g-oligopyrrole block-copolymer matrix show that percentage of spherical nanoparticles (0D NPs) is 73 % and remaining nanoparticles have ellipsoid shape (1D NPs). The 0D NPs mean diameter is 21.3 nm. The 1D NPs longitudal size is 28.7 nm and transversal one is 20.9 nm. These data are in accordance with the mean size of silver nanoparticles that was obtained by X-ray phase analysis (17 nm). We have measured optical absorption spectra of nanocomposite over a wavelength range from 250 to 800 nm four times during eight months: the first measurement then one month, four and eight months later (Fig. 2) . Fig.2. (curves 1-4) shows that absorption bands at 294 nm, 426 nm and 585 nm are inherent to optical absorption spectra of silver nanocomposite. Absorption maximum at 294 nm can be explained by the presence of AG in the nanocomposite matrix. Absorption band of AG powder is observed at 282 nm (Fig. 2, curve 5 ) that corresponds to n → π * forbidden transitions of polysaccharide end aldehyde groups [9, 10] . AG absorption peak is by 12 nm red-shifted, observed after the silver nanocomposite synthesis, can be due to the formation of free radicals [11] , in particular, acyl ones from polysaccharide aldehyde groups under redox synthesis. Nanocomposite absorption band at 426 nm is related to Localized Surface Plasmon Resonance (LSPR) in silver 0D NPs and transversal component of 1D NPs LSPR [12] . The third absorption maximum of nanocomposite at 585 nm is a consequence of longitudal component of 1D NPs LSPR and optical absorption of polarons in oligopyrrole branches [3] . Optical absorption band of pure polypyrrole is observed at 600 nm (Fig. 1, curve 6 ). It is known that absorption maximum at 390 nm is inherent for films of undoped polypyrrole [13, 14] , and absorption spectra of weakly doped polypyrrole have three optical absorption bands at about 594 nm (electron transition from HOMO to upper polaron level), 891 nm (electron transition from lower to upper polaron level) and 1781 nm (electron transition from HOMO to lower polaron level) [14] . The presence of absorption band at 500 nm and broad absorption peak from 700 to 2000 nm in optical absorption spectra of doped polypyrrole is reported in [13] . The absorption maximum in the NIR region corresponds to the polaron and bipolaron energy levels (as it is pointed in [13] ). On the basis of the above, we associate absorption peak at 600 nm in optical absorption spectrum of pure polypyrrole with the existence of polarons and biopolarons in polypyrrole chains that pass into weakly doped state under influence of environment air.
As time passes, curve shape of silver nanocomposite optical absorption spectrum has changed. The curve shape has not essentially changed for a month after the first measurement. However, intensity decrease of optical absorption at 294 and 426 nm has become notable four months later, while absorption peak at 585 nm has revealed itself more prominent. This appears more evident eight months after. The intensity reduction of the first absorption maximum may be attributed to quantitative loss of high reactive acyl radicals as a consequence of their continued transformations. The decrease of plasmonic absorption intensity at 426 nm, which takes place during the time, may be related to integration of silver nanoparticles on account of their coalescence and formation of the strongly coupled metal nanostructures [12] , which have a long wave absorption dependent on the size of new elongated nanostructures. Broadened character of peak at 585 nm arises from wide fractional composition of nanostructures obtained and also is due to increased content of low doped oligopyrrole fragments (that is growth of polaron content). The latter is formed by doping of oligopyrrole fragments by air oxygen during storage.
Conclusion
The presence of absorption bands at 294, 426, and 585 nm in optical absorption spectra is characteristic of fundamentally new silver nanocomposite with arabinogalactan-g-oligopyrrole block-copolymer matrix. With the course of time, there are no shifts of absorption peaks, and absorption intensity of the first and the second bands markedly drops. Absorption maximum of nanocomposite at 294 nm is a consequence of absorption red shift of end aldehyde groups (it can be observed at 282 nm for arabinogalactan powder) that can be explained by with their one-electron oxidation and formation of acyl radicals. The absorption intensity decrease at 294 nm can be accounted for by diminution in quantity of high reactive acyl radicals in nanocomposite during the time and as a result of their further transformations. The intensity decrease of the nanocomposite optical absorption at 426 nm produced by 0D NPs and 1D NPs plasmon resonance may be related to agglomeration of the nanoparticles as a consequence of their coalescence. Nanocomposite absorption band at 585 nm may be explained by overvapping signals of longitudal component of 1D NPs LSPR and polarons of oligopyrrole chains that are grafted to arabinogalactan.
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